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Abstract. We analyzed RXTE/PCA observations of
GX339-4 in the low spectral state from 1996{1997. We
found tight correlations between the QPO frequency and
the spectral parameters of GX 339-4 X-ray emission. With
the increase of the QPO frequency the slope of the primary
power law and the amplitude of the reflected component
increase. Frequency resolved spectral analysis showed,
that the variability of the reflected component at frequen-
cies higher than 1{10 Hz is suppressed in comparison with
the variability of the primary power law component, sim-
ilar to that observed earlier for Cyg X-1.
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1. Introduction
Recently it was found for a large sample of AGNs
and several observations of Galactic X-ray binaries, that
the amplitude of the reflected component is correlated
with the slope of the primary power law spectrum
(Zdziarski, Lubinski & Smith 1999). A similar correlation
was found by Gilfanov, Churazov & Revnivtsev 1999 for
a large sample of Cyg X-1 RXTE observations in the
low/hard spectral state. Moreover, it was shown that the
slope of the power law and the amplitude of the reflected
component increase with the increase of the characteristic
noise frequency. It was also found, that the Fe Kα line and
the reflected continuum do not vary as much as the un-
derlying power law component at frequencies higher than
1{10 Hz (Revnivtsev, Gilfanov & Churazov 1999).
GX339-4 is a bright and well studied binary
X-ray source. It is usually classied as a black
hole candidate and has energy spectra and ape-
riodic variability characteristics very similar to
those of Cyg X-1 (see e.g. Tanaka&Lewin 1995,
Trudolyubov et al. 1998, Zdziarski et al. 1998,
Wilms et al. 1999, Nowak, Wilms & Dove 1999).
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In this paper we concentrate on the correlations be-
tween spectral and timing characteristics of the X-ray
emission of GX 339-4 in the low spectral state and show
that this source demonstrates behaviour very similar to
that of Cyg X-1.
Fig. 1. Typical power density spectrum (PDS) of GX 339-4 in
the low spectral state. The QPO peak is clearly seen at the fre-
quency of ∼0.35 Hz (shown by the arrow). In order to improve
the statistics the power density spectrum was averaged over all
observations of P20183, which have slightly dierent centroid
frequency of the QPO. Therefore the QPO has a somewhat
broader prole.
2. Observations and data analysis
We used the publicly available data of GX 339-4 observa-
tions with RXTE/PCA from 1996{1997 in its low spectral
state. Our sample included 23 observations from the pro-
posals 10068, 20056, 20181 and 20183 with a total expo-
sure time of ∼130 ksec (Table 1). Only observations from
the proposal P20183 had sucient energy and timing res-
olution to perform frequency resolved spectral analysis.
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Fig. 2. Photon index of the underlying spectrum, equivalent width of the Fe fluorescent line, width of the Gaussian smearing
and the frequency of the QPO as a function of the reflection scaling factor (Ω/2pi). The lled oval shaped region on the upper
left panel shows a typical 1-σ condence contour for the respective spectral parameters.
Therefore the frequency resolved analysis was carried out
only for ∼ 61 ksec of the data.
The energy spectra averaged over individual observa-
tions were extracted from the PCA mode \Standard 2"
(128 channels, 16 sec time resolution). Frequency resolved
analysis used \Good Xenon" data (256 energy chan-
nels, 1µs time resolution). The response matrixes were
constructed for all observations using standard RXTE
FTOOLS 4.2 tasks (Jahoda 1999). The background for
observation-averaged spectra were constructed with the
help of the \VLE" based model (Stark 1999). For the fre-
quency resolved spectra the background contribution is
negligible at the frequency range of interest.
For the approximation of the energy spectra of GX
339-4 we used a simple model consisting of a power law
with the continuum, reflected from the neutral medium
(pexrav model in XSPEC) with a narrow Gaussian line
at the energy 6.4 keV. The binary system inclination was
xed at θ = 45o (e.g. Zdziarski et al. 1998). The ioniza-
tion eect was not taken into account. The iron abundance
was xed at the solar value. In this model the amplitude
of the reflected component is characterized by the reflec-
tion scaling factor R, which is an approximate measure of
the solid angle subtended by the reflector, R ∼ Ω/2pi. In
the simplest geometry of an isotropic point source above
the innite reflecting plane, the reflection scaling factor R
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is equal to 1. In order to approximately take into account
the relativistic smearing of the reflection features we con-
volved the reflection continuum and the fluorescent line
with a Gaussian. Its width was a free parameter of the
t. A systematic uncertainty of 0.5% was added in each
energy channel.
To parameterize the characteristic frequency of the
power density spectrum (PDS) we used the value of QPO
frequency. The typical power spectrum of GX 399-4 is
shown in Fig. 1
The frequency resolved spectral analysis was per-
formed according to the procedure described in
Revnivtsev, Gilfanov & Churazov 1999. For the approxi-
mation of the frequency resolved spectra we used the same
model as for the averaged spectra (see above), except that
the width of the Gaussian used to model the smearing of
the reflection features was xed at the value of 0.7 keV.
3. Results
Fig. 3. The ratio of the frequency resolved spectra to a power
law model with the photon index α=1.8. The spectrum for 9-25
Hz was multiplied by 0.7 for clarity.
We found a tight correlation of the spectral
parameters similar to that found for Cyg X-1
(Gilfanov, Churazov & Revnivtsev 1999). The increase
of the power law spectral index is accompanied by
the increase of the reflection scaling factor. A simi-
lar correlation between the amplitude of the reflec-
tion and the slope of the power law was found by
Zdziarski, Lubinski & Smith 1999 based on a smaller
sample of GINGA observations of GX339-4. We also
revealed that the fluorescent line equivalent width and
the width of the smearing behave in a consistent manner
(see Table 1 and Fig.2).
Fig. 4. Dependence of the equivalent width of the fluorescent
Fe line on the frequency (the same model of the spectral ap-
proximation as for the averaged spectra). The dependence of
the reflection scaling factor is shown on the same plot. At the
last point (f ∼ 20Hz) there is a very large (Ω/2pi ∼ 1.5) upper
limit of the reflection amplitude.
In addition we found a correlation between the spectral
parameters and the QPO frequency. With the increase of
the QPO frequency the photon index α and the reflection
scaling factor Ω/2pi increase (Table 1 and Fig.2).
The frequency resolved analysis showed behavior
similar to that of Cyg X-1 in the low spectral
state (Revnivtsev, Gilfanov & Churazov 1999). The en-
ergy spectra of GX 339-4 in two frequency bands are
shown in Fig. 3. The change of the spectral shape with
the decrease of the characteristic time scale is clearly
seen. The relative amplitude of the reflection features, in
particular that of the broad line at ∼ 6{7 keV and the
\smeared edge" above ∼ 7 keV, is apparently decreasing
with the increase of frequency. Also , with the increase
of the frequency the underlying spectrum becomes harder
{ α = 2.00 ± 0.02 for 0.03{0.09 Hz frequency band and
α = 1.76± 0.07 for 9{25 Hz frequency band. To quantify
this trend we used the same simplest spectral model as for
the averaged energy spectra. The frequency dependence
of the fluorescent line equivalent width and the reflection
scaling factor are shown in the Fig.4.
4. Conclusion
We analyzed 23 observations of GX339-4 in the low
spectral state. We found that the correlations be-
tween the spectral parameters and the QPO fre-
quency are very similar to those found for Cyg X-1
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Table 1. The parameters of energy and power density spectral approximation for the observations of GX 339-4
Obs.ID Date Time, UT Exp.a α R ∼ Ω/2pi EW σb fQPO χ2(40dof)
10068-05-01-00 17/10/96 02:12{05:07 5550 1.68 ± 0.01 0.29 ± 0.04 143 ± 30 0.64 ± 0.09 0.09 ± 0.01 26.5
10068-05-02-00 29/10/96 22:33{00:45 5530 1.69 ± 0.01 0.30 ± 0.04 120 ± 30 0.62 ± 0.14 0.11 ± 0.01 37.6
20056-01-01-00 05/04/97 08:36{09:15 2118 1.79 ± 0.01 0.41 ± 0.05 173 ± 40 0.85 ± 0.11 0.37 ± 0.03 29.0
20056-01-02-00 10/04/97 11:47{12:28 2071 1.81 ± 0.01 0.41 ± 0.04 184 ± 32 0.75 ± 0.08 0.39 ± 0.03 38.7
20056-01-03-00 11/04/97 13:25{14:06 2122 1.81 ± 0.01 0.45 ± 0.05 202 ± 38 0.83 ± 0.09 0.36 ± 0.03 36.2
20056-01-04-00 13/04/97 20:09{20:50 2282 1.82 ± 0.01 0.46 ± 0.05 213 ± 41 0.92 ± 0.09 0.44 ± 0.02 32.5
20056-01-05-00 15/04/97 20:41{21:20 2049 1.84 ± 0.01 0.47 ± 0.05 218 ± 37 0.89 ± 0.08 0.53 ± 0.03 27.9
20056-01-06-00 17/04/97 23:25{00:01 2033 1.84 ± 0.01 0.49 ± 0.05 225 ± 37 0.92 ± 0.07 0.49 ± 0.04 34.2
20056-01-07-00 19/04/97 22:20{23:08 2045 1.86 ± 0.01 0.53 ± 0.05 216 ± 33 0.79 ± 0.07 0.57 ± 0.02 34.2
20056-01-08-00 22/04/97 21:53{22:29 1988 1.86 ± 0.01 0.52 ± 0.05 227 ± 38 0.89 ± 0.07 0.66 ± 0.01 41.7
20181-01-01-01 03/02/97 15:56{19:09 6622 1.80 ± 0.01 0.46 ± 0.04 191 ± 30 0.84 ± 0.07 0.34 ± 0.02 37.7
20181-01-01-00 03/02/97 22:26{01:17 5452 1.79 ± 0.01 0.45 ± 0.04 196 ± 30 0.83 ± 0.07 0.35 ± 0.02 40.6
20181-01-02-00 10/02/97 15:49{20:22 10535 1.79 ± 0.01 0.48 ± 0.03 190 ± 29 0.86 ± 0.07 0.32 ± 0.01 22.8
20181-01-03-00 17/02/97 18:28{23:46 11412 1.79 ± 0.01 0.45 ± 0.03 176 ± 26 0.79 ± 0.07 0.32 ± 0.01 24.3
20183-01-01-01 08/02/97 14:20{20:25 13702 1.80 ± 0.01 0.47 ± 0.03 185 ± 26 0.80 ± 0.06 0.37 ± 0.02 34.3
20183-01-02-00 14/02/97 00:18{06:33 9780 1.78 ± 0.01 0.40 ± 0.03 177 ± 24 0.75 ± 0.06 0.34 ± 0.01 21.4
20183-01-02-01 14/02/97 14:20{21:22 5779 1.78 ± 0.01 0.43 ± 0.04 182 ± 30 0.81 ± 0.08 0.30 ± 0.02 30.0
20183-01-03-00 22/10/97 03:00{05:52 6556 1.84 ± 0.01 0.51 ± 0.04 203 ± 35 0.90 ± 0.08 0.42 ± 0.02 38.5
20183-01-04-00 25/10/97 03:22{06:00 5385 1.79 ± 0.01 0.42 ± 0.04 160 ± 28 0.72 ± 0.09 0.39 ± 0.01 35.8
20183-01-05-00 28/10/97 18:08{22:13 6534 1.76 ± 0.01 0.37 ± 0.04 151 ± 27 0.72 ± 0.09 0.36 ± 0.01 28.2
20183-01-06-00 31/10/97 19:41{22:10 4621 1.74 ± 0.01 0.34 ± 0.04 129 ± 29 0.63 ± 0.12 0.25 ± 0.02 44.2
20183-01-07-00 03/11/97 20:35{23:48 7186 1.74 ± 0.01 0.38 ± 0.04 135 ± 26 0.67 ± 0.10 0.29 ± 0.02 30.7
a { Deadtime corrected value
b { The width of the Gaussian smearing used in the spectral approximation (see text)
(Gilfanov, Churazov & Revnivtsev 1999). Our results can
be summarized as follows:
1. We found denite correlations between the characteris-
tic frequency of the power density spectrum (centroid
frequency of the QPO component) of GX 339-4 and
the parameters of the energy spectrum.
With the increase of the QPO frequency the power law
photon index, amplitude of the reflected component
and equivalent width of the fluorescent line increase.
Also we detected some increase of the width of the
smearing function.
2. Analysis of the energy spectra at dierent Fourier fre-
quencies (frequency resolved spectral analysis) showed
that the relative amplitude of the reflected features
decreases with the increase of the Fourier frequency.
From ∼ 0.01 Hz to ∼ 10 Hz the relative amplitude
(equivalent width) of the Fe fluorescent line decreases
by a factor of 2 and become undetectable. Similar be-
havior was observed earlier in the low state of Cyg X-1
(Revnivtsev, Gilfanov & Churazov 1999).
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